The effect of certain vitamin deficiencies on hepatic drug metabolism.
There is increasing evidence that the liver microsomal drug metabolizing system is affected by various vitamins such as ascorbic acid, riboflavin, and alpha-tocopherol. In regard to ascorbic acid deficiency there is a decrease in the quantity of hepatic microsomal electron transport components such as cytochrome P-450 and NADPH-cytochrome P-450 reductase, as well as decreases in a variety of drug enzyme reactions such as N-demethylation, O-demethylation, and steroid hydroxylation. In addition, young animals given high supplements of vitamin C have increased quantities of electron transport components and overall drug metabolism activities. Kinetic studies indicate no change in the apparent Km of N-demethylase, O-demethylase or hydroxylase for drug substrates in animals depleted or given high amounts of the vitamin. However, there are qualitative changes in both type I and II substrate-cytochrome P-450 binding. Ascorbic acid is not involved in microsomal lipid peroxidation or in any qualitative or quantitative change in phosphatidylcholine. Replenishing vitamin C-deficient animals with ascorbic acid required 3 to 7 days for the electron transport components and drug metabolism activities to return to normal levels. Induction with phenobarbital and 3-methylcholanthrene is not impaired in the deficient animal since drug metabolism activities are induced to the same extent as normal controls; however, the administration of delta-aminolevulinic acid, a precursor of heme synthesis, to deficient animals caused an increase in the quantity of cytochrome P-450. The effects of riboflavin deficiency on electron transport components and drug metabolism activities have been noted only in adult animals after prolonged periods of deficiency. Decreases in drug metabolism activities occur with both type I (aminopyrine and ethylmorphine) and type II (aniline) substrates. As was found with ascorbic acid deficiency, drug enzyme induction occurred to the same extent with phenobarbital in deficient and normal animals. In addition, it required from 10 to 15 days for the drug metabolism activities to return to normal levels when deficient animals were replenished with riboflavin. The effect of vitamin E on drug metabolism is specific in N-demethylase activities decrease while O-demethylase activities are not affected in the deficient state. This vitamin differs from ascorbic acid and riboflavin in that several laboratories have reported no quantitative decrease in cytochrome P-450, although there are some reports that it and delta-aminolevulinic acid dehydratase are lowered quantity of cytochrome in E-deficient animals. The effect of vitamin E, if any, on the P-450 is unresolved; an important question that requires further clarification. As with ascorbic acid there is no difference in the apparent Km of N-demethylase enzymes for varous substrates and the protective effect of vitamin E does not appear to be one of an antioxidant inhibiting microsomal lipid peroxidation.